In this book, I explore and resolve paradoxes that arise when one applies past notions of individuality to biological examples beyond the conventional range. I also present a new analysis of identity and persistence. My argument is based on the belief that to answer the philosophical question "What is a living individual?" it is necessary to find a satisfactory solution to the question "What should a population biologist count when she counts organisms?" Both questions seem to have clear answers when we consider stock examples. Under normal circumstances we can count the number of puppies in a litter or tomato plants in a garden. However, the same intuitions that allow us to count puppies and tomato plants with confidence leave us perplexed when we try to count colonial siphonophores like the Portuguese man-of-war. Things get strange when we extend folk notions of individuality beyond folksy uses. We can find cases in which criteria of individuation for living things that we are used to seeing hang together give contradictory answers to the question "Is it an individual?" If we take the word 'individual' to be synonymous with 'particular,' there will not be many questions at the level of the organism and below (though there may be confusion about the nature of species). But traditionally the term 'individual' has been used more broadly, and in this work I explore many of these uses as they relate to organic organization, genetics, development, and models of natural selection.
The theories of individuation generated by considering only a narrow and conventional range of examples prove inadequate when applied to real living things whose normal modes of existence include complex metamorphoses, regeneration of lost parts, splitting apart and fusing together. A clonal population of the fungus Armillaria bulbosa occupies at least fifteen hectares in a Michigan forest. Some mycologists have called it the largest individual living thing on earth. What are the grounds for this claim? Some species of rhizocephalans, a group of parasitic barnacles, have several distinct developmental phases. Is each phase a separate individual or do they collectively compose an individual? Strawberries can reproduce through sexual or clonal reproduction. Is each clone an individual or does the entire set of clones compose an individual? Or are both individuals? Questions like these cannot be answered satisfactorily by a theory that treats the characteristics of a higher animal as the necessary and sufficient conditions of individuality. In fact, cases like these raise the question of whether there are necessary and sufficient conditions for individuality simpliciter.
In answering these questions I will address others. What makes a biological entity an individual as opposed to a colony or a component of a larger individual? What criteria should we use to determine that a biological entityfor example, a colony of termites or an asexual organism -is the same colony or organism as one that existed at a previous time? In metaphysical terms, what biological (or other) processes cause substantial change?
In this chapter, I show that past philosophers have failed to explicate the conditions an entity must satisfy to be a living individual. I then explore the reasons for this failure and explain why we should limit ourselves to examples involving real organisms rather than use thought experiments.
THE MEANING OF 'A LIFE'
Many philosophers assume that it is easy to individuate living things. In this section I present a pair of examples. John Locke claims in the second edition of An Essay Concerning Human Understanding that a plant or animal need not be composed of exactly the same particles of matter throughout its existence. A living thing's persistence is not contingent on its particular material constitution. Instead, the continuation of a life preserves the identity of an organism through the flux of material constituents.
In the state of living Creatures, their Identity depends not on a Mass of the same Particles; but on something else. For in them the variations of great parcels of
The Meaning of 'a Life'
Matter alters not the Identity: an Oak growing from a Plant to a great Tree, and then lopp'd, is still the same Oak: And a Colt; grown up to a Horse, sometimes fat, sometimes lean, is all the while the same Horse: though there may be a manifest change of parts. (Book II.xxvii.3) The metabolic processes involved in the continuation of a particular entity's life result in a constant change of matter. If the continued identity of a living entity does not depend on its being composed of exactly the same matter throughout its existence, on what does it depend?
Locke thinks that the continuation of a life preserves the identity of an organism through the flux of material constituents. A plant, for example, persists through changes in its constitutive matter by continuing the same life.
That being then one Plant, which has such an Organization of Parts in one coherent Body, partaking of one Common Life, it continues to be the same Plant, as long as it partakes of the same Life, though that Life be communicated to new Particles of Matter vitally united to the living Plant, in a like continued Organization, conformable to that sort of Plants. (Book II.xxvii.4) Similar conditions of identity are true for animals.
An Animal is a living organized Body; and consequently, the same Animal, as we have observed, is the same continued Life communicated to different Particles of Matter, as they happen successively to be united to that organiz'd living Body. (Book II.xxvii.8) For Locke, identity is preserved in the changing of substances by being unified by one continued life. A plant that is spatiotemporally connected by a continuous series of matter changes to an earlier plant of the same kind is identical with that earlier plant just in case there is a common life between them. Similarly, the identity through time of a human being or other animal consists in its participation in a common life.
1
According to Locke, if bodies existing at different times are connected by a common life that endures through the change of material substance, those distinct bodies compose the same living individual at different times.
2 Curiously, Locke does not explain how to individuate a life, though this concept provides the principle of individuation for plants and animals. Perhaps he thinks it too obvious to require an explanation -he is, after all, talking about human beings, horses, and oak trees. Under normal circumstances, a competent observer has no trouble determining whether the horse eating an apple today is the same horse he brushed yesterday. Nor does he doubt that the oak tree struck by lightning last winter is the same oak that he carved his initials in as a child.
Three hundred years after Locke wrote the Essay, Peter van Inwagen argues that the only way composite objects can exist is if the parts composing the object are connected through a special kind of causal connection; those parts must constitute a life. According to van In the last analysis, it is the business of biology to answer this question, just as it is the business of chemistry to answer the questions 'What is a metal?' and 'What is an acid?', or the business of physics to answer the question 'What is matter? ' (1990, p. 84) Despite his intentions, van Inwagen does not provide a solid set of criteria to distinguish living individuals from parts of larger living individuals or groups of living individuals. I agree with van Inwagen that we will not find the answer to the question of what a life is without reference to "the business of biology," but the biological literature on individuality could itself use some philosophical tidying up.
Determining the boundaries of a life is a more difficult task than looking over the normal range of examples may lead one to believe. Locke and van Inwagen are in good philosophical company when they treat the concept of a life as an intuitively clear idea that can be used to explain other, more difficult concepts, such as identity through time or issues of mereology. But they have not provided a comprehensive description of living individuality. Assuming that we could articulate necessary and sufficient conditions for being alive (and no one has), we still do not know whether a particular mass of living tissue is a living being. It may be, but it could also be several living things or a part of a more comprehensive life. These questions are unanswered by Locke, van Inwagen, and many other philosophers. Why this lacuna? I suspect that both blindspots are, to a large extent, the result of poor examples.
THE POVERTY OF EXAMPLES
Normal people in normal circumstances can count the number of horses entered in the Kentucky Derby or the number of oaks that flank the driveway. Horses and oak trees are easy to count. They are distinct from their surroundings and other horses or oaks.
3 If we limit our scope to these familiar cases, we can forgive the omission of details as to what is involved in being an individual life. But if we look beyond those cases, we find that our intuitions can lead us to paradoxical judgments of individuality and make us turn a fresh eye to old cases as our basic assumptions about individuality become contingent facts to be explained.
There is a strange poverty of real examples in the philosophical literature on identity. In an unscientific survey of the philosophical literature from Aristotle to the present on the individuation of living things, I have found that the choice of examples breaks down into four basic categories: common plants and metazoan animals, people, artifacts, and science fiction fantasies. The majority of living things, which are neither human nor familiar plants or animals, are absent from this list. 4 The poverty of real examples is matched only by the oddity of the thought experiments involving grossly mutated dogs, human beings who split like amoebae, werewolves, and other products of the imagination.
There is nothing wrong with using horses and oak trees as examples. But these familiar examples are dissimilar from most living things; we cannot limit our examples to a pool of familiar organisms. Horses and oak trees are quite different from each other, but they share many attributes we may not notice at first glance: a. They are clearly demarcated from their surroundings and other organisms of the same kind. This makes them easy to count. b. They can reproduce sexually. c. Each develops from a single cell. d. Each is (at least mostly) genetically homogeneous. e. Each is multicellular.
If all or most living things had these characteristics, the same principle that worked for horses and oaks would work for other living things.
Most living things do not share all of these features. A horse is a fine example of a mammal. An oak tree is a fine example of a tree. Most living things, in terms of number of species, number of organisms, or pure biomass, are neither mammals nor trees and do not share properties a-e. We ignore the majority of living things if we limit discussion to just these kinds of cases. It is not surprising that our examples would be of this nature. When we think of living things, common, relatively large, and discrete plants and vertebrates are what generally come to mind. It makes sense that our concepts and language have developed around these kinds of living things rather than around colonial invertebrates or giant fungi.
In a five-kingdom taxonomy of life on earth, oaks and horses represent only two kingdoms, the plants and the animals. 'Represent' may be the wrong word. Oaks and horses are only parts of their respective kingdoms, which also contain radically different forms of life. I will discuss these more unusual forms in later chapters, as well as puzzlers from the other kingdoms. How should we count these organisms? Even if we know all the relevant functional and historical facts about the living thing in question, the answer still may not be clear. The suggestion to count individual lives is not much help because that replaces our question with an equally difficult one. Locke's criterion that identity is preserved when there is a common life is little help in deciding these cases because it is not clear what a life consists in for that kind of entity. Locke presents an incomplete analysis of what it is to be a persisting individual living thing.
Artifacts have been used as examples at least since Aristotle wrote the Metaphysics.
5 Such examples are misleading because of the significant differences between artifacts such as houses, statues, and axes on the one hand, and individual living organisms on the other. A statue of a dog does not, by itself, change its constitutive matter. A dog does. Because of the differences, it is dangerous to attempt to theorize about the identity of living things based on what one believes about the identity of nonliving objects that, if they change their matter at all, do so slowly. Living things are not artifacts. A living thing can change its constitutive matter in a fashion and at a speed that inanimate objects rarely rival.
I turn my attention now to a brief description of a few real cases that are difficult to explain using the commonsense notion of an individual. I will describe aspects of the biology of a colonial siphonophore, a cellular slime mold, and a butterfly. Each presents a unique problem for the commonsense notion of an individual life.
Some colonial invertebrates form colonies that are integrated to the extent that they are functionally indistinguishable from a metazoan individual. The development and behavior of the siphonophores demonstrate the complexity of the problem. A colony of Nanomia cara, for example, looks very much like a jellyfish if it is not examined too closely, but it develops by a radically different method. A scyphozoan jellyfish begins life as a single-celled hydrozoan that develops into a multicellular larva. This larva undergoes a series of divisions and ultimately becomes a multicellular body or polyp. The polyp strobilates to form medusae or adult jellyfish.
A colonial siphonophore also begins as a zygote. The zygote divides and forms a larva. The larva's ectoderm thickens and buds off zooids. The process is called astogeny and it is quite different from the development of the true scyphozoan jellyfish. The zooids remain attached together rather than becoming detached. New zooids are budded off from one of the two growth zones located at the end of the nectophore region.
Each colony is composed of a variety of zooids that closely resemble the parts of a normal jellyfish. The top of the colony is a gas-filled float. Below the float are the nectophores that move the colony by pumping water. Their action is coordinated. Other zooids called palpons and gastrozooids ingest prey and distribute the nutrients to other colony members. Sexual medusoids propagate new colonies by forming and fertilizing gametes.
The colony can swim and feed like a single organism. Despite its functional integration, clear vestiges of its colonial nature can be found. Each nectophore has an independent nervous system, but these are coordinated through the nerve tracts connecting the nectophores. The gastrozooids and palpons all pump at the same time (E. O. Wilson 1975) .
Both the true jellyfish and the siphonophores have essentially the same functional structure despite their different developmental histories.
Other higher animal lines originated from the mesoderm, without passing through a colonial stage. The end result is essentially the same: both kinds of organisms escaped from the limitations of the diploblastic (two-layered) body plan and were free to invent large masses of complicated organ systems. But the evolutionary pathways they followed were fundamentally different. (E. O. Wilson 1975, p. 386) Is a siphonophore colony an individual or is each zooid an individual? Our commonsense notion of individuality does not decide this case, nor does the suggestion to look for the individual life.
The commonsense notion of an organism does not give a clear account of the transition between a caterpillar and a butterfly. A caterpillar develops from a zygote into a complicated multicellular body. Before metamorphosis, it surrounds itself with a cocoon. Inside the cocoon, the caterpillar body breaks down and the dissolved body is used to fuel the growth of the imaginal discs. These discs are small groups of undifferentiated cells that are encapsulated during caterpillar development and play no role in the functioning of the caterpillar's body. When exposed to the right hormone, they grow into the parts of the adult butterfly body and replace the juvenile body. The butterfly is genetically identical with the caterpillar but it is the result of a distinct developmental process fed by the larval body. I am not sure that the commonsense notion of an individual can give us a clear answer as to whether we have one life or two here. Some organisms have life cycles with several developmental sequences as radical as that dividing the caterpillar and the butterfly. To further confuse the issue, there are many degrees of metamorphosis and some stages are composed of more than one organism.
Blackberry plants reproduce both by sexual means resulting in seeds and also through vegetative growth. Some stands of blackberries are hundreds of years old and trace their origin back to a single sexually produced seed. The seed grows into a plant, which sends out runners. Some of the runners and roots remain connected underground and others have become detached. What should we count when we count blackberry plants? The descendants of the initial zygote, the genetically identical descendants of the zygote, or all the contiguous parts of the blackberry plants? Similar problems arise for counting some species of fern, quaking aspen, bamboo, and some fungi.
At one point in the life cycle of certain species of cellular slime molds, a number of independent, ameobalike single cells aggregate together into a grex. The grex is a cylindrical mass of these cells that behaves much like a slug. It has a front and back, responds as a unit to light, and can move as a cohesive body. The cells that compose a grex are not always genetically identical or even related. They begin their lives as free-living single-cell organisms. The grex has some properties of an individual and behaves very much like one. The commonsense notion of individuality does not enable us to determine whether or not it is an individual. These cases break down the connection between the set of properties characteristic of those organisms we feel most comfortable calling individuals using our commonsense notion of individuality.
I will not begin by specifying a set of necessary and sufficient conditions for being an individual living thing. Instead, I will enumerate the characteristics held in common by paradigmatic individuals. I approach the issue this way because I believe that we have developed a rough-and-ready concept of biological individuality as a conceptual tool to help us deal with our practical affairs. There may not even be a complete definition of 'living individual' but we think we know one when we see it. This concept may not prove to be as useful if we try to use it in a philosophical or scientific context. The original concept was not formulated to deal with these apparently paradoxical cases. I want to offer a useful extension of our practice. This extension is not implicit in the rules set by the concept as it currently exists in common language or by the practices based on those implicit rules. The result will not look like the commonsense concept that I take as a starting point. I offer this list of properties and make no decisions now about which, if any, of them are essential for individuality. I approach the general question through a variety of concrete living entities, those we consider individuals and those that we do not. It may well turn out that there is no set of properties shared by every entity we call an individual.
Although I am reluctant to consider them as necessary and sufficient conditions, there are a group of properties that most of the organisms we consider to be paradigmatic individuals share. The relevant characteristics held by the higher plants and animals are:
i. spatial and temporal continuity, ii. spatial and temporal boundedness, iii. composed of heterogeneous causally related parts, iv. development from a single cell to a multicellular body, v. subject to impaired function if some of its parts are removed or damaged, vi. ability to reproduce sexually, and vii. genetic homogeneity.
These properties are, to a greater or lesser extent, common to a horse, a termite mound, an oak tree, a stand of bamboo, a slime mold plasmodium, a lichen, and a eukaryotic cell. Does this make them each individuals? Can we coherently extend our concept of individuality to all of them? These properties may come as a group, but that is not always the case. This is part of the problem in specifying exactly what is and is not an individual. Some entities have only some of these properties. Also, these properties can be held to different degrees even though the judgment of individuality is generally recognized as an all-or-nothing decision.
The commonsense notion of individuality is just that, a commonsense notion. We often think of a lichen as an individual thing. The lichen is composed of algae and fungus combined in symbiosis. This does not imply that biologists must accept the lichen as an individual or that commonsense folk ontology must accept other symbiotic unions as individuals. Even if it makes sense to begin with our folk ontology, our analysis of individuality may lead us far from where we began.
IMAGINARY EXAMPLES AND CONCEPTUAL ANALYSIS
Thought experiments and imaginary examples have a venerable history in philosophy. 6 Constructing thought experiments and puzzling over them is fun and difficult to resist. Unfortunately, they often mislead us and it is unclear what they contribute to philosophy.
[P]eople think that they can conceive of a centaur, and in a very superficial way, they can, but too many questions remain unanswered, and no means exist for answering them. How many pairs of lungs does a centaur have, how many hearts? How are the circulatory and pulmonary systems of these creatures connected? What happens to food that has been digested in the human half of the centaur? Does it empty into the stomach of the horse half? Of course, we are not supposed to ask such questions of mythical creatures. (Hull 1989, p. 312) I use very few thought experiments in this work. Instead, I rely on real examples. For the project I have in mind, thought experiments and imaginary examples more often confuse than clarify. I am primarily interested in devising a system of individuation for living things capable of explaining unusual real cases as well as more common real ones. My goal is to construct a theory that can best accommodate the diversity of organisms and other living entities, not to derive the necessary and sufficient conditions for being a living individual in any possible world. Merely imagined possibilities are not particularly relevant to this project. I limit my examples to real living things for reasons that I explain below. This choice affects my arguments. It determines the kind of counterexamples that I need to consider, which will, in turn, affect the structure and scope of my arguments. Imaginary, though logically possible, examples do not provide direct evidence against a position on individuation that has been tailored to fit this world.
The abundance of real counterexamples that create tension in our commonsense conceptual boundaries renders imaginary examples inconsequential. The examples may not always be obvious, but they are plentiful, and unlike thought experiments, real examples come complete with the relevant background conditions either known or discoverable. Given the choice between a real example and an imaginary one, we should choose the real one.
The usefulness of a thought experiment depends on a correspondence between imagination and possibility, a relation subject to at least two common sorts of failure. We can apparently imagine an impossible state of affairs without recognizing its impossibility. And we may be unable to imagine something that turns out to be possible.
It is debatable what role thought experiments and imaginary examples should play in revising our concepts. We hope that our concepts help us to think about the world in a useful way. If a concept is inadequate to deal with an imaginary but possible example, that is a poor reason to reject it. Unless the concept is specifically intended to apply to every possible world, we have little need to hold our concepts to such standards. I more fully develop each of these three general reasons for favoring real examples and avoiding imaginary examples and thought experiments throughout the rest of this section.
Real organisms present puzzling examples that must be dealt with in a general treatment of identity. There is such a variety of living things that the interesting properties of the mythical creatures we invent may well be found in real organisms. After we construct a theory of biological individuality that can deal comfortably with the issues raised by actual organisms and living systems, perhaps we can discuss how to individuate imaginary creatures, but not until then.
My imagination is not as fertile as the living world. As J. B. S. Haldane said, "The world is not only queerer than we imagine, it is queerer than we can imagine." I could not have thought up the bizarre life cycle of the root-head or the strange reproductive strategies of the aphids.
7 I could not have imagined the myriad forms that living things assume or the Rube Goldberg life cycles they have cobbled together to reproduce and track their environments. This is not to say that once I heard about them I continued to be unable to believe that they were possible, but I am confident that I could not have thought them up. Because this is true, a theory of individuation based on my imagination and a layman's knowledge of the common organisms would not generate the more exotic problematic cases found in nature.
If something is actual, it is certainly possible. Thought experiments and imaginary examples almost never provide a clear description of background conditions, which are often crucial to determine what importance the example or experiment is to have. The background conditions for a thought experiment tend to be sketchy in a way that favors the point of view of the person who has formulated it or in a way that obscures some controversy. Because it is difficult to determine whether putatively possible thought experiments and imaginary examples are really possible or rest on an unrecognized contradiction, it is not as trivial as it initially sounds to say that a virtue of real examples is that we know that they are possible. Possibility is not as obvious a property of imagined but putatively possible examples. The connection between imagination and possibility is not as simple as it may appear.
We hope that we can imagine something if (and only if?) it is possible. Conceivability may be the best guide to modality we have, but why should human powers of imagination be a good indication of mind-independent possibility? We sometimes imagine states of affairs that we believe possible, but we later learn that they are impossible and sometimes we are unable to imagine real possibilities.
Our intuitions work best under normal circumstances. We are more likely to make mistakes like the ones above when we lack some important information, for example that 'Hesperus' and 'Phosphorus' are both names for the planet Venus. The further away from home we travel, the less reliable our intuitions are likely to be. We cannot and should not completely abandon our intuitions about possibility and impossibility, but we can try not to rely on them where they seem most likely to go wrong. If we get far enough away from normal, it is no longer clear that we can say with warrant that we have imagined a real possibility or dismissed a real impossibility and have not instead illegitimately relied on our ignorance of a contradiction we assumed possible.
Thought experiments and imaginary examples are particularly prevalent in the discussion of identity, especially personal identity, and have been for a long time.
8 A fair sampling includes the Ship of Theseus, Descartes's argument that his mind is distinct from his body, Marjorie Price's discussion of metamorphosing dogs, and a variety of commentators on the paradoxes of a person surviving an assortment of Star Trek-style transporter mishaps in which a person is broken into component parts and beamed elsewhere at the speed of light, or just her "blueprint" is, or one part goes one place and another goes somewhere else.
I do not know how many of these thought experiments describe real possibilities and neither do their inventors. Here are a pair of thought experiments that strike me as describing more or less impossible situations as possible. At minimum, neither convincingly establishes that it describes real possibilities.
For this reason, from the fact that I know that I exist and that meanwhile I judge that nothing else clearly belongs to my nature or essence except that I am a thing that thinks, I rightly conclude that my essence consists in this alone: that I am only a thing that thinks. Although perhaps (or rather, as I shall soon say, to be sure) I have a body that is very closely joined to me, nevertheless, because on the other hand I have a clear and distinct idea of a body -insofar as it is merely an extended thing, and not a thing that thinks -it is therefore certain that I am truly distinct from my body, that I can exist without it. (Descartes 1984, Meditation Six) Descartes reasons that because he is able to conceive of his mind without his body, his mind and body must be distinct. A more recent example of a more biological nature is provided by Marjorie Price.
To determine the effects of the Martian atmosphere on higher animals, NASA sends Rover [a dog] to Mars. After a successful Mars landing and take-off, Rover returns to earth, where he is continuously observed for six months.
Imaginary Examples and Conceptual Analysis
Film cameras record every moment of his existence. During this time, Rover undergoes a gradual change, so that by the end of the isolation period he is an amorphous mass of cells. Even the chromosomal constitution of his cells has changed: its nature is not identifiable as the sort to be found in members of any known kind of organism. . . . No one can deny that the entity in the isolation unit at the end of the interval in question, call it "Clover," is Rover, the object confined there six months earlier. (Price 1977, p. 203) It is not obvious that Price's conclusion really follows from her thought experiment. More importantly, it is unclear whether she describes a process that could really happen to a dog.
Some thought experiments and imaginary examples are innocent enough. The innocent ones generally describe experiments that could be done but are not. Wilkes calls these merely imagined, "those experiments which are not in fact carried out in practice, but which could be" (Wilkes 1988, p. 3). It is not necessary to throw a particular beer bottle against a brick wall to be assured that it would shatter if we did. Pointing out that it could be done is enough. Somewhere between these unobjectionable thought experiments and Descartes's argument that he could exist without his body is the line beyond which we should treat thought experiments with suspicion.
Some thought experiments cross the line and become inadvertent literary fantasy. Literary fantasy makes a dubious basis for philosophical argument. Peter van Inwagen makes the case for omitting such tales from philosophical speculation.
In my view, one may not use examples from fantasy in conceptual investigations. The reason is simple: the author of a fantasy has the power to confer "truth in the story" on known conceptual falsehoods. I could, for example write a fantasy in which there were two mountains that touched at their bases but did not surround a valley. A fortiori, the author of a fantasy has the power to confer truth in the story on a proposition such that it is a controversial philosophical question whether that proposition is a conceptual falsehood. (van Inwagen 1993, pp. 229-230) Van Inwagen argues to disqualify literary fantasies from conceptual investigations. The movie The Terminator does not prove that travel to the past for the purposes of changing the future is a real possibility. It is a fantasy that includes this putative possibility and builds the story around it. To the best of my knowledge, The Terminator has not been cited as proof that time travel is possible, but imaginary examples with less detail have been used to support philosophical theories. These intentional or unintentional fantasies blur the distinction between truth and truth within the story. Van Inwagen intends to argue against intentional literary fantasy, but his argument should also hold for the inadvertent literary fantasies of the thought experimenter. Thought experiments (or supposedly possible, though imaginary, examples) are dangerous because we construct literary fantasies without intending to do so. How much evidence can thought experiments provide for a philosophical theory when, like the theory they are used to defend, they may contain hidden inconsistencies? An imaginary example can be used to do this with unconscious ease, facilitated by the sketchiness and indeterminacy that characterize them. If it is possible to give a plausible perspective on what turns out to be an impossible landscape, it is also possible that a sketchy story contains an utter impossibility as an essential detail.
I end this section with a final illustration of the problems of the thought experiment. Imagine that you have somehow shrunk to the size of an ant and are being pursued by a giant ant (approximately the size you were before you shrank). It chases you to the edge of a lake, you strip off your clothes and swim to safety. If you are ignorant of the problems of scale this story involves, it may seem to be a real possibility; but it is not, given the physical laws that govern the world. The ant cannot chase you. It is writhing on its broken legs because at its current size its legs cannot support its weight. It is suffocating because the invaginations proportional to those that provided it with oxygen when it was its normal size are now inadequate because its mass has increased at a greater rate than its surface area. You are not faring much better. Molecular adhesion would hold your clothes so tightly against your body that you would not have the strength to remove them. Because of your new relation to surface tension you would have better luck running away on the surface of the water than attempting to swim in it. 9 Any world in which this supposed possibility occurred would have to have physical laws completely different from those that govern our world. Wilkes describes the problems underlying Parfit's imaginary example regarding personal identity:
[I]n a world where we split like amoebae, everything else is going to be so unimaginably different that we do not know what concepts will remain 'fixed,' part of the background; we have not filled out the relevant details of this 'possible world,' except that we know it cannot be much like ours. But if we cannot know that, then we cannot assess, or derive conclusions from, the thought experiment. (Wilkes 1988, p. 12) Most thought experiments leave the background conditions dangerously unspecified. Knowing that something is possible is very different from not knowing that something is impossible, even if it feels the same.
Possible, though imaginary, examples may be used as counterexamples if someone claims to have discovered the necessary and sufficient conditions for applying a given concept in every possible case. If, however, someone makes the more modest claim that a particular set of conditions are the necessary and sufficient conditions for applying that concept in the actual world, an imaginary example does not refute the claim. It does not undermine the claim that the concept functions well enough in the actual circumstances in which it is used.
Richard Gale makes this point well. He argues that thought experiments have been used as evidence that our concepts are inadequate because they are not applicable to every possible world, even those in which relevant details are radically different.
What is perverse about these science-fiction thought-experiments is that they transport us, along with our present language-games and their forms of life, into the counter-factual world. . . . What they fail to realize is that in this world we would not want to play our old personal identity language-game, since there would be no point or value in doing so: the empirical presuppositions for doing so are not realized. (Gale 1991, p. 301) Our concepts are developed in response to the way the world is. If things were quite different from the way that they are, people would probably not use the concepts we use. They would use ones that better fit the world as they found it. If genetic homogeneity had no relation to the individuality of an entity or to the traits it inherits, people would probably not have a concept for a form of individuality that depends on it. But so what? Why should our concepts be applicable to all worlds? As Gale points out, it is not fair to ask that they do apply.
Counterexamples can be real, imaginary but possible, or impossible and incoherent but presumably disguised. If what we are trying to describe is a situation completely different from the way things actually are, we may want to rethink the criteria we are using for our concepts, or rethink our conceptual scheme altogether. Perhaps a more refined or altogether different one would work better in a given (imaginary) circumstance. If the world were completely different, we would not necessarily speak, act, and think in the way that we actually do. Fair enough, but if you think of your words and concepts as tools, this should bother you as much as discovering that if you had to do a completely different job, the tool that is perfectly adequate for a task at hand is not appropriate for this other job that you have no need to do or interest in doing. This has no effect on the usefulness of the tool for the task at hand.
There are different ways to stretch a familiar concept. Some are more important than others. A real counterexample provides a better reason to modify a concept than an imaginary one if we are concerned that our concepts fit real cases we have not thought of yet. It is difficult to find necessary and sufficient conditions for the application of some ordinary language terms. Common sense may or may not pick out natural kinds.
For the most part, we do not freely choose our concepts or our conceptual scheme. What would it be like if we did? What we can do is rebuild and adjust this scheme as we go. The commonsense notion of what an individual is does not lead to clear answers when applied to living things that manage to fulfill only some of the criteria to some extent and some of them not at all or to a lesser extent than the paradigmatic multicellular individual. Our commonsense notion of individuality is not refined enough to function in specialized scientific situations. It runs roughshod over significant biological differences. Before returning to the subject of what concepts should replace our commonsense one, I explore the framework from within which this question should be answered.
WHAT IS IT?
In the chapters that follow I develop a new theory of individuation and persistence for biological entities. This makes this book a work of metaphysics as well as philosophy of biology. In this section I develop the metaphysical framework within which I will address biological individuality. I begin with the assumption that a living entity is a potentially finite three-dimensional persisting object. I do not argue for this assumption, but a skeptical reader should consider fully what is entailed by its denial. If this assumption is correct, a living entity is not a construction built up from momentary objects or time slices. Because it is potentially finite, a living entity can survive certain kinds of change, but there are other changes that it cannot survive. A living thing comes into existence and persists through time. For any living thing, there is some possible change that it can undergo but not survive.
This assumption is not foreign to common sense, nor is it philosophically innovative. It is an ontology with venerable roots in philosophy. Some philosophers and many biologists may bristle, however, at the temporal essentialism implicit in this assumption. 10 If an entity can endure only certain kinds of change, then the properties it has that cannot be changed are essential to it, meaning it cannot continue to exist if it no longer has those properties.
Essentialism is an unfairly maligned doctrine. A particularly noxious form of it based on the stereotypical morphology associated with a biological species has been taken to stand for all versions of essentialism. I will return to the subject later, but even before we have determined what the full complement of essential properties is for a given entity, we know that if a thing is not immortal there must be changes it cannot survive given its actual origin. If a magnolia tree is burnt to ashes does it continue to exist? Could a magnolia tree 1.5 What Is It? become an animal? The answer to both questions is clearly no. If we accept those answers then we accept essentialism. It is essential to a magnolia tree that it continue to be a plant and that it not burn to ashes. This is essentialism of a sort; the only real alternative is an unattractive version of nominalism.
I can understand why a scientist or a science-minded philosopher might worry about essentialism. There is the reasonable concern that someone arguing for essentialism will endorse the idea of a kind of species essence, that is, a set of morphological properties definitive of individual members of a species in virtue of which that organism is a member of the class of similar organisms grouped together as a species. Further, this sort of species essentialism may be accompanied by belief that this sort of species essence is explanatory, or that it is a mysterious property that plays an important role in biological organization. A distaste for this form of essentialism has motivated philosophers as diverse in their views as David Hull (1965 ), Ernst Mayr (1975 ), and John Dupré (1993 to formulate arguments against it. I will not be arguing for biological essences of this kind. I will argue for a kind of essence that I think will be considerably more palatable.
Biology made a great leap forward when the metaphysical implications of evolution by natural selection were understood. Platonic archetypes in the mind of God or Aristotelian substantial forms were no longer used to explain the observed order of the biological world. Biology was recognized as a historical science. One of the more important changes that Darwin's theory brought to biology was that it made reference to essences illegitimate in a scientific explanation. I do not think that philosophers can understand why many biologists are opposed to essentialism of this form unless they realize what a fight it has been to purge these impediments to understanding the living world. But there is more than one essentialist doctrine in play and those who reject the forms of essentialism I mentioned above have little to fear from my position.
'Sortal' is a term coined by John Locke. 11 A sortal identifies a kind of thing. In contemporary philosophy the term picks out two distinct types of kinds. David Wiggins uses the term 'phase-sortal' to designate any sortal kind that is not a substantial sortal (Wiggins 1980, p. 27) . 'Sortal' is used by some philosophers to refer to any kind that distinguishes some things from other things. Other philosophers use this term to refer not to just any sorting terms, but to only an important subclass of sorting terms, those that identify members of a substantial kind. A substantial kind provides the most basic answer to the question "What is it?" To distinguish the latter subclass of sortals from the other sortals, I will follow tradition by calling them substantial sortals. A sortal is a substantial sortal just in case a thing correctly identified under the sortal cannot cease to fulfill the criterion of identity associated with that sortal without ceasing to exist. This distinction marks the difference between the sortal well-dressed man and the substantial sortal human being. A change of clothes does not annihilate a well-dressed man. He may no longer be well dressed, but he continues to exist (if you call that living). If human being is a substantial sortal, the change from human being to corpse is a different kind of change. It is a change that the subject of the change cannot survive.
If we examine any living thing, we discover that it is not just a "thing" or a "that"; it is a thing of some particular kind or other. It may be an oak tree or a sea urchin but it must be a thing of some kind. If this is true, each living thing is a thing of some particular kind, rather than just a thing simpliciter. For any particular thing, a substantial sortal identifies what kind of thing it is. To say that each thing is a thing of some kind does not yet rule out the possibility that the thing is a bare particular, something that can survive any kind of change while remaining numerically the same thing. It would be possible for a bare particular to be a member of some kind or other throughout its existence without being a member of the same substantial kind throughout its existence.
If there is a variety of change that a particular thing cannot survive, then that thing is not a bare particular. I do not think that there are bare particulars, but the reasons why there are none are instructive. The notion of a bare particular may not even be a coherent one, but to narrow my focus here, I will consider whether it is possible for a living thing to be a bare particular. The fact that each thing is a thing of a particular kind does not decide whether living things are bare particulars, substantial particulars, or whether there are some of both among living things. The statement that 1. Every thing is a thing of some kind.
is ambiguous between the two determinate positions below. 1a. A thing must belong to some kind or other at every time it exists. 1b. A thing must be a thing of some kind or other and there must be some kind such that it is of that kind throughout its existence.
12
(1b) implies (1a), but (1a) does not imply (1b), so the two statements are not equivalent. (1a) is consistent with the existence of bare particulars. (1b) is not. A protean entity that meets the requirements of (1a), and any entity must, might migrate from kind to kind such that at each time throughout its existence it is an individual of some kind, but at one time it may be an individual of one kind and at another time an individual of another kind incompatible with the first. It is not necessarily the case that there is a sortal that is true of it at every time that it exists. 
